Any task is carried out more successfully if we allocate undivided attention to it, but as demands on attentional capacity increase-for example, in concurrent or dual task conditions-performance on attended tasks becomes more impaired. Patients with schizophrenia show impaired performance on tasks requiring high levels of attentional capacity. This study examines performance of 11 patients with schizophrenia and 13 normal controls on two motor tasks (placing pegs in a pegboard and repetitive index finger tapping) under unimanual, bimanual, and dual task conditions. The patients with schizophrenia placed fewer pegs and had reduced tapping speed in unimanual and bimanual conditions. However, the decrement in bimanual performance as a percentage of unimanual performance was not significantly diVerent for the patients and controls on either the pegboard or tapping tasks. By contrast, under dual task conditions, the performance of the patients with schizophrenia in peg placement actually improved relative to the unimanual pegboard task, whereas tapping performance deteriorated compared with the unimanual tapping, a decrement that was significantly greater for the patients. Thus the improvement in the visually guided pegboard task was at the expense of the repetitive tapping task. These results are discussed in terms of an impairment of self initiated movement with general sparing of externally triggered movements in schizophrenia and the role of frontostriatal loops in this process. (J Neurol Neurosurg Psychiatry 1999;66:668-671) Keywords: schizophrenia; dual task; processing resources; finger tapping; Purdue pegboard Any task is carried out more successfully if we allocate our undivided attention to it. As demands on attentional capacity increase-for example, in concurrent or dual task conditions-performance on attended tasks becomes more impaired.
Any task is carried out more successfully if we allocate our undivided attention to it. As demands on attentional capacity increase-for example, in concurrent or dual task conditions-performance on attended tasks becomes more impaired. 1 The degree to which a task is impaired, however, depends on the amount of attentional capacity it demands. An automatic task would not interfere with a more demanding task but there would be interference of one very demanding task on another. 2 Schizophrenia is a psychiatric disorder characterised by positive symptoms (for example, hallucinations and delusions) and negative signs (for example, flattening of aVect, poverty of speech, and social withdrawal). 3 It has been suggested that as cognitive load increases, patients with schizophrenia show greater task impairment than normal subjects, signifying resource limitations in this disorder. 4 One way to test the eVects of increasing cognitive load is to compare performance on dual task with single task conditions. 5 It would be expected that the degree of performance decrement in a dual task compared with a single task condition would be greater in patients with schizophrenia than in controls, due to the patients' limited resources and hence inability to adequately handle the increased cognitive load. There is evidence that under dual task conditions patients with schizophrenia are differentially more impaired than normal subjects 6 and other psychiatric patients. 7 8 These studies 6-8 used a simple reaction time task and tests of cognitive skill, such as a visual search task or counting.
Another way to investigate attentional processing capacity in schizophrenia is to assess concurrent performance of motor tasks such as finger tapping and peg placement, which diVer in terms of their attentional demands. Peg placement as in the Purdue pegboard task involves sequential movements such as grasping and picking a peg up, followed by its transport and insertion into the holes on the pegboard. Because of its visually driven nature, performance on the pegboard seems to gain prominence over repetitive index finger tapping, which can be performed in a more automatic fashion. As a result, in normal subjects, when performed concurrently, finger tapping interferes relatively less with peg placement, whereas concurrent peg placement aVects finger tapping more. 9 The aim of this study was to examine processing resources in schizophrenia by comparing the performance of two motor tasks, tapping and pegboard placement, under unimanual, bimanual, and dual task conditions in patients with schizophrenia and normal controls.
Method

SUBJECTS
Eleven (two female, nine male) subjects with a clinical diagnosis of schizophrenia according to the DSM IIIR criteria were tested. Each was seen as an outpatient at the National Hospital for Neurology and Neurosurgery. Each patient was rated on the Krawiecka Manchester scale, 10 a four point standardised psychiatric assessment scale for current positive and negative symptoms. The mean score for positive symptoms (incoherence, delusions, and hallucinations) was 2.0 and the mean score for negative signs (poverty of speech, flattened aVect, and psychomotor retardation) was 2.2. The mean age for the patients was 38.5 (range 27-55). As a group, the patients with schizophrenia were chronically ill, with a mean duration of illness of 14.2 (SD 7.4) years. All patients except two were on medication with nine on neuroleptic drugs (mean dose 375.6 (SD 142.3) mg. Thirteen (five female, eight male) healthy normal subjects with no history of psychiatric or neurological illness, head injury, or drug misuse were tested. Their mean age was 38.15 (range 21-62). All subjects were right handed. To screen for cognitive deficits, the mini mental state examination 11 was administered to all subjects. None of the subjects scored below the cut oV point indicative of cognitive deficit.
PROCEDURE
Detailed descriptions of procedures are given by Brown et al. 12 All subjects performed finger tapping and the Purdue pegboard task under unimanual, bimanual, and dual task conditions. In this task, subjects are required to place metal pegs (3 mm×25 mm) in a vertical row of holes, as quickly as possible for a 30 second period. Subjects performed the task with each hand separately, and then bimanually. The measures of unimanual and bimanual performance were the mean number of pegs placed with the left and right hands under each condition.
The second task was repetitive index finger tapping. Subjects were required to continuously tap a 25 mm button as quickly as possible for a 30 second period. The button activated a 150 g standard microswitch. The task was performed with each hand separately and bimanually. As with the pegboard, the measures of unimanual and bimanual performance were the mean number of taps with the left and right hands under each condition.
Subjects also performed a combined bimanual task. This involved tapping with one hand and placing pegs with the other. The task was performed twice, once with each hand-task combination each time for 30 seconds. The average of the two tests was calculated for each task. For all conditions the measures of bimanual performance were expressed as percentages of unimanual performance (for example, (PEGb/PEGu)× 100). In the combined task condition, subjects were instructed to perform both tasks at the same time as fast as they could and not to concentrate on one to the exclusion of the other.
The order of testing was randomised across subjects. All subjects were assessed on the Beck depression inventory (BDI).
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Results
The mean ages of the two groups did not differ significantly (F(1, 23)=0.032, p=0.87). The mean of the MMS scores for the patients was 28.2 (SD 2.5) and for the controls 29.9 (SD 0.3). The diVerence between the two groups was significant (F(1,23)=6.35, p=0.02). The mean score on the BDI for the patients was 14.4 (SD=10.3) and for the controls it was 4.5 (SD 5.1), a diVerence which was significant (F(1, 22)=9.20, p<0.01). The group diVerences in task performance were analysed both with and without MMS and BDI scores as covariates.
The table shows the mean performance of the two groups for each of the test conditions, as well as the performance of the bimanual conditions as a percentage of unimanual task performance. Also shown are the results of one way analyses of variance (ANOVA) and covariance (ANCOVA).
For the pegboard task, the patients with schizophrenia had significantly slower performance than the controls for the unimanual and bimanual tasks. The number of pegs placed in the bimanual condition as a percentage of the unimanual condition did not diVer significantly between the two groups. Similar results were found for the tapping test. While tapping bimanually the patients were significantly slower than the controls and the diVerence approached significance (p=0.06) for unimanual tapping. But when bimanual tapping was considered as a percentage of unimanual performance, the two groups did not diVer significantly.
Under dual task conditions of concurrent tapping and peg placement an interesting pattern of results emerged. The absolute numbers of pegs and taps were significantly diVerent between the patients and the normal subjects, with the patients having fewer taps and placing fewer pegs in the dual task condition. The patients and controls also diVered significantly in terms of percentage of change from the unimanual performance. However, relative to performance on the pegboard test alone, the patients with schizophrenia showed improved performance on the pegboard under the dual task condition, whereas the performance of the normal subjects was worse. Also, the patients with schizophrenia showed a significantly greater drop in tapping performance under dual task conditions than the normal subjects.
Under dual task conditions, for the pegboard task, we also examined the distribution of the absolute diVerence (pegs placed in unimanual task−pegs placed in bimanual dual task) for individual subjects in each group. This showed that peg placement in the dual task condition improved in 45%, remained constant in 27%, and deteriorated in 27% of the group with schizophrenia, whereas performance on the pegboard under the dual task condition improved in only 15%, remained constant in 8%, and deteriorated in 77% of the controls. These proportions were significantly diVerent across the two groups ( 2 =5.92, df=2, p=0.05). When the group diVerences in MMS and BDI scores were covaried out, only the group diVerences in the unimanual pegboard remained significant.
CORRELATIONAL ANALYSIS
For the patients with schizophrenia ratings of positive symptoms (r=−0.64, p<0.05) and negative signs (r=−0.68, p=0.03) negatively correlated with bimanual pegboard placement. However, only ratings of negative signs showed significant negative correlations with pegboard placement (r=−0.72, p=0.02) and tapping speed (r=−0.65, p<0.05) in the dual task condition. The dose of neuroleptic medication did not significantly correlate with any of the measures of task performance.
Discussion
The results show that patients with schizophrenia were significantly slower than the normal controls-they placed fewer pegs and had reduced tapping speed in unimanual and bimanual conditions. However, despite this overall slowness, the decrement in bimanual performance as a percentage of unimanual performance was not significantly diVerent for the patients and controls on either the pegboard or tapping tasks. This suggests that although motor abnormalities such as poverty of action, perseverative movements, 14 and motor slowness, reflected in slower reaction time and movement time in patients than in normal controls, [15] [16] [17] [18] [19] have been reported in schizophrenia; patients with schizophrenia do not have major deficits in bimanual coordination. By contrast, in a previous study in Parkinson's disease 9 the patients showed greater decline in bimanual performance than normal subjects.
An interesting finding is that under dual task conditions, the performance of the patients with schizophrenia in peg placement actually improved relative to the unimanual pegboard task. The patients with schizophrenia were able to place more pegs while performing a secondary task with their other hand. By contrast, the tapping decreased compared with the unimanual tapping, a decrement that was significantly greater for the patients. Thus the improvement in the visually guided pegboard task was at the expense of the tapping task. Similar results have been found in patients with Parkinson's disease. 9 12 Previous studies have reported that patients with schizophrenia show impaired reaction times when a simultaneous cognitive task is introduced, 6-8 thus suggesting limited attentional processing capacity. Why does performance on the visually guided task improve in patients with schizophrenia under dual task conditions? Brown and Jahanshahi 9 provided alternative explanations for a similar improvement obtained in patients with Parkinson's disease. The first is that for each task there may be an optimal level of attention such that too much attention is detrimental to skilled performance. For example, thinking about individual movements can impair smooth motor planning and execution, such as when running down stairs; or golfers can greatly impair their putts by thinking about each single movement in the motor sequence. It is possible that under dual task conditions, by removing some of the "excess" attention, finger tapping makes the attentional allocation to peg placement optimal for the patients so that performance on the second task improves. The second explanation is that in the light of the deficits in schizophrenia in internal generation of action with relative normality of stimulus driven behaviour 20 21 rhythmical tapping acts as an external pacing cue that improves the visually guided pegboard. Thus it is possible that the patients are improving peg placement by using the rhythm of tapping as a pacing stimulus. Brown and Jahanshahi 9 suggested that the first explanation can be tested by varying the cognitive load of a non-motor secondary task-for example, mental arithmetic-whereas the second explanation can be tested by manipulating the timing characteristics of the secondary tapping task. For patients with schizophrenia some evidence relating to these already exists. Granholm et al 6 used a visual search task, involving pointing at a screen when a target appeared as the primary task and a simple reaction time as the secondary task. Thus the primary task, although visually guided, had a less demanding motor output component than the pegboard task in this study, and the secondary reaction time task did not involve any rhythmic cueing. The patients with schizophrenia did not improve performance on the primary visual search task in the dual task condition but in fact showed a greater secondary task decrement (reaction time slowing) than controls in the highest processing load dual task condition. Therefore, in the present study it is more likely that the patients are using the rhythmic finger tapping as an external pacing cue to improve performance of the visually guided task.
There is evidence that, as suggested by Frith, 20 patients with schizophrenia, especially those with high ratings of negative signs, are impaired in self generated but not externally triggered movements. 21 Bimanual peg placement, and tapping and peg placement under dual task conditions, were significantly associated with higher rates of negative signs, suggesting that patients with higher negative signs are more impaired under conditions in which the load on attentional capacity increases. The fact that covarying out MMS and BDI scores eliminated all significant diVerences between the patients and normal subjects suggests that the impairments in performance seen in the group with schizophrenia are associated with higher levels of depression and cognitive impairment.
In a recent review of evidence from various sources, Jahanshahi and Frith 22 suggested that intentional or self generated actions (willed actions) are controlled diVerently from routine, stereotyped actions that are externally triggered by environmental stimuli. The authors also proposed that willed actions are controlled by a network of frontal cortical (dorsolateral prefrontal cortex, supplementary motor area, anterior cingulate) and subcortical (thalamus and basal ganglia) areas. Both Parkinson's disease and schizophrenia are characterised by symptoms such as akinesia or poverty of action and speech, deficits that reflect impairment of willed actions. 22 Despite similarities, diVerences between patients with schizophrenia and Parkinson's disease are also evident. In our study of patients with Parkinson's disease an improvement for peg placement at the expense of tapping was seen, similar to that in the present study, but the patients with Parkinson's disease also showed greater impairment in the bimanual tasks than in the unimanual tasks compared with normal subjects 9 ; which was not found for the patients with schizophrenia. The similarity in the dual task condition between the two patient groups with frontostriatal involvement, 23 24 may reflect the greater dependence of both groups on visual signals and their reliance on rhythmic tapping as an external cue to improve peg placement.
In conclusion, the results of the current study showed, relative to normal subjects, a qualitatively diVerent pattern of motor performance in patients with schizophrenia under dual task conditions which was associated with higher ratings of negative signs.
